Acquisition of an insertion peptide for efficient aminoacylation by a halophile tRNA synthetase.
Enzymes of halophilic organisms contain unusual peptide motifs that are absent from their mesophilic counterparts. The functions of these halophile-specific peptides are largely unknown. Here we have identified an unusual peptide that is unique to several halophile archaeal cysteinyl-tRNA synthetases (CysRS), which catalyze attachment of cysteine to tRNA(Cys) to generate the essential cysteinyl-tRNA(Cys) required for protein synthesis. This peptide is located near the active site in the catalytic domain and is highly enriched with acidic residues. In the CysRS of the extreme halophile Halobacterium species NRC-1, deletion of the peptide reduces the catalytic efficiency of aminoacylation by a factor of 100 that largely results from a defect in kcat, rather than the Km for tRNA(Cys). In contrast, maintaining the peptide length but substituting acidic residues in the peptide with neutral or basic residues has no major deleterious effect, suggesting that the acidity of the peptide is not important for the kcat of tRNA aminoacylation. Analysis of general protein structure under physiological high salt concentrations, by circular dichroism and by fluorescence titration of tRNA binding, indicates little change due to deletion of the peptide. However, the presence of the peptide confers tolerance to lower salt levels, and fluorescence analysis in 30% sucrose reveals instability of the enzyme without the peptide. We suggest that the stability associated with the peptide can be used to promote proper enzyme conformation transitions in various stages of tRNA aminoacylation that are associated with catalysis. The acquisition of the peptide by the halophilic CysRS suggests an enzyme adaptation to high salinity.